We present high-resolution optical spectra of EUV-selected late-type stars. We have detected seven new spectroscopic binaries, including a pair of F stars and an RS Canum Venaticorum candidate. Many of the stars in our sample show remarkable H emission with equivalent widths up to 8 Å . Several sources show strong He i 5876 Å emission. We use cross-correlation techniques to estimate line-of-sight rotational velocities and find that they range from less than 5 to over 80 km s À1 . Several of the stars show a strong Li 6707 Å line, which we use to determine their Li abundances. The EUV-to-bolometric luminosity, a measure of the coronal heating efficiency, is as high as 10 À3 . The present sample extends the EUV-selected late-type stars to lower Rossby numbers and makes the coronal saturation boundary better pronounced. Our results indicate that there is a drop in the EUV emission from the corona in late M dwarfs possibly because of a change in the nature of the magnetic dynamo in fully convective stars.
INTRODUCTION
Space-borne instrumentation of the late twentieth century has contributed a wealth of information on activity exhibited by late-type stars. This activity is primarily magnetic in nature and is revealed by a range of phenomena including flares and flashes, rotational modulation, or simply the appearance of chromospheric and coronal emission. Surveys of late-type stars reveal that all stars with convective envelopes have a chromosphere (Mathioudakis 1996; Haisch & Schmitt 1996) . Observations with IUE and Einstein have shown that while G giants have strong X-ray emission, this emission disappears in K giants. This led to the discovery of the well-defined dividing line in the H-R diagram (Linsky & Haisch 1979) . On the other hand, X-ray emission from the corona is a common property of cool dwarf stars. A ROSAT survey of all late-type dwarfs within 6 pc revealed that 94% of them had coronae with the nondetections most likely due to insufficient exposure times . Studies of the X-ray emission from the corona have shown that the most active stars are the fastest rotators (Pallavicini et al. 1981) . A picture emerged that this activity is powered by a magnetic dynamo with rotation playing a key role, although the exact mechanism responsible is not quantitatively known.
Rotation is an important aspect of the dynamical behavior of stars; it affects the dynamo action and can modify the mass-loss rate. Stellar rotational velocities depend on a number of parameters, including (1) the angular momentum inherited by the star at the time of its birth, (2) the angular momentum loss through rotational braking, and (3) the rate of angular momentum transport from the stellar interior (Wolff & Simon 1997) . The strength of the dynamo built magnetic field increases with rotation, however, since the dynamo parameters are difficult to determine directly, proxies such as the chromospheric and coronal emission are used. In this context, the Rossby number R o , (ratio of rotation period to convective turnover time c ) has often been used instead of the rotational period, when stars with different masses are combined in a single rotation activity relation. This is because the convective turnover time has a very steep dependence on color for F and G stars and is the parameter dominating R o , whereas in later spectral types the rotational period dominates because of the weak dependence of c on color (Noyes et al. 1984) . In recent years, much observational effort has been concentrated in the study of open clusters (Soderblom 1998) . In the younger clusters ( Per, 50 Myr) , a large number of G and K dwarfs are rotating rapidly ( sin i ! 100 km s À1 ), whereas in the older Hyades and in the solar neighborhood rapid rotation is confined to the M dwarfs. The Rossby diagram for open clusters has shown that the '' plateau '' of coronal saturation occurs for L X /L bol % 10 À3 to 10 À4 . However, the mainsequence solar neighborhood stars surveyed by Mathioudakis et al. (1995b) show no evidence for coronal saturation in the Extreme Ultraviolet Explorer (EUVE) . This is primarily due to the small number of stars with high rotational velocities. If we were to choose a survey that would be biased toward active stars, an EUV survey would provide such a sample. Soft X-ray and EUV surveys conducted by ROSAT (Pye et al. 1995) and EUVE (Bowyer et al. 1996) were dominated by coronally active, late-type stars. These surveys and their optical follow-up campaigns provided a large sample of new active stars that can offer insights on the mechanisms responsible for the stellar activity.
In this paper, we present high-resolution optical spectra of a sample of active late-type stars (dKe and dMe) selected from these surveys. A brief description of the source selection criteria is presented in x 2.1. In x 2.2, we describe the optical observations, instrumental setup, and data reduction technique. In x 3, we present our results including mea-surements of the chromospheric emission in terms of H and H, estimates of rotational velocities, and measurements of the Li i (6707.8 Å ) line strengths. We derive observed EUV fluxes, the ratio of EUV to bolometric luminosities, and Rossby numbers for the sample, and discuss the sample's activity in x 4. In x 5, we present new spectroscopic binaries and discuss some noteworthy individual sources. Lastly, in x 6 we summarize our results.
OBSERVATIONS AND DATA REDUCTION

Sample Selection
The objects studied in this paper have been selected from the EUVE survey catalogs and optical identification campaigns. EUVE carried out an all-sky survey using three coaligned telescopes in four bandpasses between 1992 June and 1993 January (Bowyer et al. 1996; Bowyer & Malina 1991) . The four bandpasses were Lexan/B ('' Lexan,'' 58-174 Å ), Al/Ti/C (156-234 Å ), Ti/Sb/Al or '' Dagwood '' (345-605 Å ), and Sn/SiO or '' Tin '' (500-740 Å ). Simultaneously, a fourth telescope, the Deep Survey Instrument (DS), mapped a 2 Â 180 strip of sky along the ecliptic in the two shortest EUV bandpasses, DS and DS Al/C (167-364 Å ). The combined effects of higher effective area and longer exposure times resulted in a sensitivity of almost 1 order of magnitude greater than the allsky survey. The resulting EUVE source catalog (Bowyer et al. 1996 ) contained 734 objects, of which 275 were identified as late-type stars. The EUVE source list was expanded to over 900 sources by comparing marginal EUVE detections within 90 00 from the ROSAT PSPC X-ray source list (Lampton et al. 1997) . This catalog contributed an additional 81 late-type stars to the EUVE source list. About one-third of the EUVE sources did not have a known optical counterpart in current catalogs, and they were deemed the class of no identification, or NOID. Optical follow-up campaigns of the NOID sources found that the majority of them are coronally active late-type stars (Christian et al. 2001; Mathioudakis et al. 1995a; Craig et al. 1995; Polomski et al. 1997; Vennes, Korpela, & Bowyer 1997) . It is from these optical campaigns that we have selected the targets for our optical spectroscopy. These sources are at the fainter end of those detected in the EUV surveys, and relatively little is known about their optical properties. Additionally, we have included the two well-known flare stars GJ 182 (dM0e) and GJ 551 (Prox Cen, dM5.5e) for comparison.
Optical Observations
We obtained echelle spectra using the Shane 3 m telescope at Lick Observatory, the Mayall 4 m telescope at the Kitt Peak National Observatory (KPNO), and the Anglo-Australian Telescope (AAT) at the Anglo-Australian Observatory (AAO). Data from all three observing campaigns were reduced using standard routines within IRAF.
The Lick observations were conducted on 1999 September 21 and 1999 December 29 with the Hamilton echelle spectrograph (Vogt 1987 ) and the 2K Â 2K thinned CCD (dewar No. 6 ). This setup covered from 3300 to 9000 Å with spectral resolution of 0.033 Å pixel À1 at Ca ii and 0.054 Å pixel À1 at H.
The KPNO observations were taken on 2000 October 12-13 with the 4 m Mayall Telescope and echelle spectrograph. The first night was lost to bad weather and the second night shortened by 25%. We used the echelle spectrograph with red long camera No. 5 and the T2KB CCD (Pilachowski, Willmarth, & Goad 1982) . This setup covered %4300-7700 Å , with a resolution of 0.074 Å pixel À1 at H.
The AAT observations were taken between 2001 June 3 and 5 using the University College London Echelle Spectrograph and the MITLL 2K Â 4K CCD as the detector. The wavelength coverage was %4700-8200 Å , with a resolution of 0.07 Å pixel À1 (Diego et al. 1990 ). The optical observation log for our sample is presented in Table 1 .
In all cases, the wavelength scale was established with ThAr lamps, while flat-field corrections were made using quartz lamps. Several radial velocity standards (e.g., HD 66141, 203638, and 154417) were used to establish the accuracy of the velocity scale, while HR 1544, Feige 15, and LTT 7379 were used for flux calibration. We also obtained optical spectra of GJ 33, 551, 628, 631, 643, 664, 825, 820B , and 860A, which were used as templates.
OPTICAL EMISSION
Chromospheric Activity Indicators
Previous optical studies of late-type stars selected from EUV and soft X-ray surveys detections have shown strong chromospheric emission lines. These include follow-up studies of ROSAT WFC (e.g., Jeffries & Jewell 1993) and EUVE sources (Craig et al. 1995 (Craig et al. , 1997 Polomski et al. 1997; Christian et al. 2001) . Table 2 . Spectra of binary stars are discussed in x 4.
We present sources with strong lithium i (6707.8 Å ) absorption in Figure 3 . The EWs of the Li i (6707.8 Å ) feature range from a few tens of milliangstroms for stars like EUVE J1145À55.3A to over 600 mÅ for EUVE J1131À34.6. Lithium abundances have been determined from the observed EWs and the curves of growth of Pavlenko et al. (1995) . The Li abundances and EWs are also listed in Table 2 . About 30% of the sample showed helium lines at 4686, 5876, and 6678 Å (He i). Strong lines were detected from EUVE J0419+21.7, GJ 431, EUVE J1811À78.9, EUVE J1931À21.5, and EUVE J2244À33.2A. Sample helium (He i 5876 Å ) emission-line spectra are shown in Figure 4 .
Rotational Velocities
We derive projected equatorial velocities ( eq sin i) by cross-correlating the spectra of our sources with computed rotation profiles of low-activity stars of similar spectral type (see x 2.2). The spectra of the template sources were convolved with a limb-darkened rotational broadened function (Gray 1992) and then cross-correlated with the unbroadened profiles. Six portions of the spectrum with narrow absorption lines that are free of blends were selected in the wavelength region 6300-6720 Å . The width of the cross-correlation function is estimated by fitting a Gaussian. The value of the slowest rotation that can be detected depends on both the spectral resolution and signal-to-noise ratio. Errors in our analysis are typically in the range of 2-7 km s À1 . They are estimated by comparing the rotational velocities derived from different wavelength regions, as well as from multiple spectra of the same source. In Table 3 , we list the rotational velocities of the sources.
The eq sin i values were used to derive rotational periods. We do not expect the sin i dependence to introduce any difficulties in this analysis. Queloz et al. (1998) have constructed Mathioudakis et al. 1995a , (P97) Polomski et al. 1997 , and (V97) Vennes et al. 1997. b B magnitude.
the cumulative distributions of log sini and find a mean value of log sin i = À0.13 and a 90% probability for log sin i > À0.38. Rossby numbers for the stars in our sample were determined from the rotation periods and the convective overturn times of Noyes et al. (1984) . The sin i statistics introduce a small scatter in the Rossby diagram.
The main source of scatter is introduced by the range of activity levels (L EUV /L bol ) at a given Rossby number. In order to derive the EUV luminosities for our sample, we must convert the observed count rates into fluxes. This calculation requires a coronal emissivity model and an estimate of the interstellar hydrogen column density. We calculated the observed fluxes using the coronal model of Monsignori-Fossi & Landini (1994) for log T = 6.8. The neutral hydrogen column N(H) densities along the line of sight were derived using the three-dimensional interpolation method of P. Jelinsky (1996, private communication) . 1 This model uses a large database of hydrogen column densities (Fruscione et al. 1994 ) from EUV, UV, and ground-based measurements of individual stars. In general, the dependence of the fluxes on column density is small (50% changes in N(H) result in flux changes of 25%), because these objects are nearby and located toward low ISM column densities. We then used bolometric magnitudes and the observed Lexan/B fluxes to calculate the ratio of EUV to bolometric luminosity (L EUV /L bol ), which is a measure of the coronal heating efficiency.
The extensive studies of late-type stars over the past years have revealed that the ratio of X-ray-to-bolometric luminosities L X /L bol spans in the range of $10 À6 to 10 À3 (Agrawal, Rao, & Sreekantan 1986; Fleming et al. 1995) . Jeffries & Jewell (1993) found a similar range for the ratio of L EUV /L bol for a sample of late-type stars observed with the ROSAT WFC. In Figure 5 , we plot the L EUV /L bol as a function of the BÀV color. We have included the K and M dwarfs from the Bowyer et al. (1996) and Lampton et al. (1997) , the K and M stars from Mathioudakis et al. (1995b) , and M stars from the EUVE Right Angle Program (Christian et al. 1999) . Similar to previous studies, the K stars are clustering between L EUV /L bol % 10 À6 and 10 À3.5 , with the M dwarfs having values as high as 10 À3 . James et al. (2000) have suggested that there is an exclusion zone of coronal activity in the log (L X /L bol ) range of À4 to À3.3. However, we find no such evidence in our sample. The earlier conclusion was most likely based on poor sampling. Our results indicate that there is a drop in the maximum levels of EUV emission for (BÀV ) > 1.5 (spectral types later than M4.5).
For our sample, the average value of log (L EUV /L bol ) for (BÀV ) < 1.5 at the saturation boundary is À3.3, while the average value of log (L EUV /L bol ) for (BÀV ) > 1.5 is À3.8. A simple linear fit to the ratio of log (L EUV /L bol ) for (BÀV ) < 1.5 finds a weak positive correlation with a coefficient of 0.4, and fits to the ratio for (BÀV ) > 1.5 find a negative correlation with coefficient of À0.7. Kü ker & Rü diger (1999) have suggested that the mechanism of field generation changes completely at the cool end of the main sequence. The dynamo action of fully convective stars is generated by an 2 dynamo dominated by the stellar rotation rate, as opposed to an for objects with a radiative core. This small drop that we see in the coronal activity levels of the most active M dwarfs may indicate this change in the nature of the magnetic dynamo.
Rossby Number and Activity
We show the ratio of L EUV /L bol versus Rossby number in Figure 6 . The figure includes the stars of this paper, as well as the sample of Mathioudakis et al. (1995b) . With the addition of the new EUV-selected active dwarfs, the saturation boundary in this diagram becomes evident. Saturation is thought to be related with the limited area of the stellar surface. As more magnetic field is generated by increased rotation and deeper convection, a point is reached where the stellar surface is completely covered with active regions and the emission reaches a maximum (Vilhu & Walter 1987) . A comparison of Figure 6 with the Figure 4b of Mathioudakis et al. (1995b) shows that chromospheric saturation occurs at higher Rossby numbers (R o < 0) than coronal saturation (R o < À1). In other words, more magnetic energy is required to saturate the corona than the chromosphere. However, the study of chromospheric saturation has been limited to individual spectral lines. The atmospheric models of Houdebine et al. (1996) show that as the atmospheric pressure increases, a larger proportion of the magnetic energy is radiated in the form of continuum, while chromospheric lines saturate. The radiative losses of the atmosphere therefore seem to be displaced from the chromosphere, in low-activity stars, to the upper atmosphere in active stars. An examination of EUV spectra of active stars reveals that most of the flux in the EUVE Lexan/B band (58-174 Å ) is due to continuum emission. Our finding therefore agrees with the model calculations.
At Rossby numbers of %À2, the level of saturation is known to decline because of the supersaturation effect (Stauffer et al. 1997 ). This decline may be supported by our observations; however, given the small number of stars at very high rotational velocities, we cannot derive a firm conclusion for the present sample. James et al. (2000) suggest that this effect may be related to the reduction of the X-ray-emitting volume of late-type stars due to centrifugal stripping. As the increased rotational velocity decreases the surface gravity, the hot coronal plasma will become unstable and cool to chromospheric temperatures. More cool loops emitting in chromospheric lines can exist, but not in X-rays. In addition, if the dynamo itself saturates, the X-ray emission would be expected to decrease even more with increasing rotation (see Antiochos, Haisch, & Stern 1986; Stern 1999) . This suggestion, however, would predict that supersaturation will not be seen at chromospheric temperatures, a prediction that needs to be tested.
NEW BINARIES AND NOTEWORTHY STARS
Several sources showed double emission or absorption profiles, the telltale signs of spectroscopic binaries. EUVE J0330+18.8: This source had a very curious H profile that resembled core emission, but after several spectra were taken at Lick and KPNO, it was resolved to be a pair of F stars. The H profile for this source is shown in Figure 7 . EUVE J2009À23.2 and EUVE J2113+04.2: These sources also showed complicated H emission profiles. A second spectrum of EUVE J2009À23.2 taken the following night shows two components, a broad component and a component with strong core absorption. The spectrum of EUVE J2113+04.2 showed a similar profile. We compare these H profiles in Figure 8 . Both sources are new spectroscopic binaries.
GJ 375 and EUVE J1501À43.6: Both of these sources have strong Balmer emission, with H EW of %2 Å for the blue and red components of each star. Their H and H 
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profiles are shown in Figure 9 , along with EUVE J0825À16.3. These three sources represent new spectroscopic binaries each comprised of two dMe stars. Emission profiles from the two components of EUVE J1501À43.6 are observed in H, H, He i 5876 Å , and Na i.
Although phase coverage is limited, several spectra taken on nights 2 and 3 of the AAT run indicate that the period is approximately 1 day; however, further observations are needed for a precise determination. We point out that since both components of the binary are late M dwarfs, with spectral types similar to Prox Cen, this period would be consistent with the upper limit derived for the rotational velocity. (Bowyer et al. 1996; Lampton et al. 1997 ; triangles), K and M dwarfs from Mathioudakis et al. 1995b (circles) , and M dwarfs from the EUVE Right Angle Program (Christian et al. 1999, squares) . EUVE J1131À34.6: The object has the strongest Li line in the sample. Gregorio-Hetem et al. (1992) classify it as a T Tauri star associated with the TW Hya group. With a rotational velocity of %60 km s À1 the line profiles are dominated by rotational broadening. Strong He 5876 Å emission is detected in its spectrum. A brown dwarf companion was recently identified on this source by Neuhäuser et al. (2000) . EUVE J1145À55.3: We have observed the dKe star, which is the most likely candidate of the EUV emission. Its H profile is double peaked. Although this could indicate that it is a binary, it is mostly likely due to strong central self-absorption caused by a high column mass in the transition region (Houdebine & Doyle 1994) . EUVE J1258À70.4: This source is a newly identified, lithium-rich, active G star with H in emission. We have obtained a series of spectra that show variability in both the H profile and EW. The source could be a new RS Canum Venaticorum binary. This could explain its high log (L EUV / L bol ) of %À3.4. EUVE J1713À85.8: With a rotational velocity of approximately 80 km s À1 , this is the fastest rotator in our sample. The H profile exhibits a weak absorption feature similar to the one seen on Gl 890 (Byrne 1989) . EUVE J2056À17.1: This is a lithium-rich active star. Mathioudakis et al. (1995a) speculated that the high activity may contribute to Li production on the surface through spallation reactions. Van den Ancker et al. (2000) concluded that it forms a physical pair with the F8 V star HD 199143 and are both part of a nearby young ($10 7 yr) stellar association. EUVE J2223+25.3: The H profile has a weak selfreversed feature with a central absorption below the level of the continuum. This type of profile has been predicted by model calculations. As an absorption line chromosphere progressively increases in strength, the H absorption profile gradually fills in, with emission peaks appearing in the wings until the line eventually goes into emission (Cram & Mullan 1979 ). This source is most likely a '' marginal '' BY Dra star with intermediate levels of activity. EUVE J2233À09.6: The guiding image of this source was resolved into two components at Lick in 1999 December. A spectrum was taken of the source furthest to the east. The AAT observations obtained in 2001 June 5 did not resolve the individual sources and did not show a double-line spectroscopic binary. The H emission measured at Lick and the AAT had similar EWs of %4 Å . Further observations of this source are needed to determine if it is a single-line spectroscopic binary.
SUMMARY
We have presented high-resolution optical observations of 36 EUV-selected late-type stars. Most of our sources have strong H emission with EWs up to 8 Å , while several stars show a strong Li 6707 Å line. Rotational velocities ranged from a few to over 80 km s À1 . Using these sources, the coro- 
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nal saturation boundary in the EUV is now clearly defined. Our results indicate that there is a drop in the EUV emission from the corona in late M dwarfs possibly due to a change in the nature of the magnetic dynamo in fully convective stars. However, our sample of late M dwarfs is small, and further observations are needed, including observations of faster rotators to further explore coronal heating at small Rossby numbers (log R o %À2). 
